The synthesis of square planar Ni(II) and Pd(II) complexes with pyrrolidine dithiocarbamate (PDTC) was characterized by elemental, physiochemical, and spectroscopic methods. Two complexes were prepared by the reaction of nickel acetate and palladium acetate with pyrrolidine dithiocarbamate (PDTC) in 1 : 2 molar ratio. The bovine serum albumin (BSA) interaction with complexes was examined by absorption and fluorescence spectroscopic techniques at pH 7.4. All the spectral data suggest that coordination of the pyrrolidine dithiocarbamate (PDTC) takes place through the two sulphur atoms in a symmetrical bidentate fashion. All the synthesized compounds were screened for their antimicrobial activity against some species of pathogenic bacteria (Escherichia coli, Vibrio cholerae, Streptococcus pneumonia, and Bacillus cereus). It has been observed that complexes have higher activity than the free ligand.
Introduction
The dithiocarbamate stoichiometry has much external consideration in recent years due to its ability to act as a bidentate ligand [1] [2] [3] . Dithiocarbamates such as diethyl dithiocarbamates and pyrrolidine dithiocarbamate display cytotoxic properties and they have been used to fight against metal poisoning [4] [5] [6] . The complexes are thermodynamically stable, so they are used as chelating agent for the extraction of trace metals [5, 7] . Metal complexes of dithiocarbamate present a wide range of applications in agriculture, medicine, industry, and analytical and organic chemistry [2, 7] . The dithiocarbamate complexes are commercially important because they are used in rubber vulcanization process [8] .
The metal complexes show enhanced biological activities such as antibacterial, antimalarial, and fungicidal activities compared to free ligands due to drop in polarity of metals after complexation [9, 10] . Dithiocarbamates from nickel group that is of platinum (II) and palladium (II), as well as of isoelectronic gold (III), showed remarkable antitumor properties [11] . Particularly, nickel (II) and palladium (II) play an important role in both fundamental research and application of their physical properties. Nickel and palladium complex with pyrrolidine dithiocarbamate (PDTC) has been studied extensively.
Herein, we report an account of Ni and Pd (II) complex with formulae [Ni(PDTC) 2 ] and [Pd(PDTC) 2 ] synthesized. The BSA binding study of the complexes has been performed spectroscopically. The PDTC and its metal (II) complexes show antibacterial activities screened by disc diffusion method beside some variety of pathogenic bacteria. 
Experimental

Preparation of [Ni(PDTC) 2 ] (1) and [Pd(PDTC) 2 ] (2).
To prepare these complexes, 1 and 2, a common procedure was followed as described below, using nickel acetate for complex (1), palladium acetate for complex (2) , and the organic ligand (HL) in stoichiometry ratio (1 : 2). A methanolic solution of L (0.082 g) was mixed with 0.07121 g of nickel acetate and 0.0561 g of palladium acetate with stirring condition and the mixture was refluxed for 3 hours. After the completion of the reaction, the reaction mixture was cooled down to room temperature and precipitate was filtered, dried, and recrystallized from methanol to give pure product.
BSA Binding Experiments.
The BSA binding interactions between complexes were performed by absorption spectra and fluorometric titration in presence of phosphate buffer at pH 7.4. The aqueous solution of protein was titrated by addition of the proper concentration of the solution complexes. For every addition, the mixture solution was shaken and sanctioned to rise for 20 minutes, and then the fluorescence intensities were calculated with an excitation wavelength of 280 nm.
Antimicrobial Screening.
The antibacterial screening effects of the compounds were tested against four bacterial strains, namely, Escherichia coli, Vibrio cholerae, Streptococcus pneumoniae (Gram-negative bacteria), and Bacillus cereus (Gram-positive bacteria) [12, 13] . The antibacterial activities of complexes 1 and 2 were done in DMF solvent. The solutions of ligand and complexes 1 and 2 were added to the agar plates. The DMF solvent was used as a negative control. Incubation of the plates was done at 37 ∘ C for 24 hours; inhibition of the organisms was measured and used to calculate mean of inhibition zones in millimetres.
Theoretical Methodology.
The density functional theory (DFT) calculations were performed in the gas phase using the B3LYP (Becke three-parameter Lee-Yang-Parr) exchange correlation functional [14] . The basis set LanL2DZ was used to palladium (II) complex for all atoms. All calculations were approved using the GAUSSIAN 09 program with the support of the Gauss View visualization program [15] . Table 1 ) is reliable with the designed results from the empirical formula of each compound. All the complexes are air-stable, nonhygroscopic, partly soluble in ethanol and methanol, and soluble in acetonitrile, DMSO, and DMF and are monomeric in nature.
Results and Discussion
Synthesis and Characterization of Complexes
Infrared Spectra.
The IR data of the ligand (Figure 1) pyrrolidine dithiocarbamate (PDTC) shows several bands at 1454, 939, 827, and 2968 cm −1 due to C-N, C=S, C-S, and C-H bond stretching vibrations in the solid state, respectively [16] . These bands are shifted to lower frequency on complexation with different stoichiometry ratio. New vibrations at 428-442 cm −1 for complexes 1 and 2 are not present in the free ligand. The new stretching frequency of ](M-S) bond in complexes 1 and 2 at 428 cm −1 and 442 cm −1 confirmed the involvement of only sulphur atom (Figures 2 and 3) in chelation with metal ions [17] .
Electronic Absorption Spectral Study.
At room temperature, electronic absorption spectra of PDTC and complexes (1 and 2) were recorded in DMF solvent (given in Figure 4 ). The spectra of the ligand (L) pyrrolidine dithiocarbamate exhibit main peaks: at 354 nm. The peaks were attributed to → * transitions, respectively [18] . The absorption spectra of the nickel (II) complex exhibit broad bands at 325 nm and 387 nm attributed to n → * and → * transition; again, the Advances in Chemistry palladium (II) complex presents broad bands at 298 nm and 342 nm accredited to n → * and → * transition.
Electronic Structure.
Full geometry optimization of L and its complexes was approved by density functional theory (DFT) at the B3LYP level in their ground state and the frontier orbitals of HOMO and LUMO of L and its complexes are given in Figure 5 . Thus, it is inferred that in HOMO of L electrons are localised on C-S group but in complex electrons are localised on metal and C-S group. In LUMO, electrons are largely localized on pyrrole ring and S group. The HOMO-LUMO energy difference of PDTC in ground state is 0.16574 eV but in complexes energy gap is 0.0211 eV and 0.01919 eV for 1 and 2, respectively. 
BSA Protein Binding Experiments
Absorption Characteristics of BSA with Complexes 1 and 2.
BSA gives absorption band at 280 nm due to the aromatic tryptophan and tyrosine residues. The absorption spectra of BSA in the absence and presence of complexes 1 and 2 were studied at different concentrations. We observed that absorption of BSA increases frequently upon increasing the concentration of the complex, indicating the formation of a ground state complex [19, 20] . As dynamic quenching does not affect the absorption spectrum of quenching molecule, the observed changes in presence of complex could be indicating static quenching interaction between complex and serum albumin. The absorption spectra of BSA with complexes 1 and 2 are given in Figures 6 and 7 . The apparent association constant ( app ) determined the complex with BSA using the Benesi-Hildebrand equation [21] 
where obs indicates observed absorbance of the solution having different concentrations of the complex at 280 nm, 0 is the absorbance of BSA, is the absorbances complex at 280 nm, and app represents the apparent association constant. The enrichment of absorbance at 280 nm was due to adsorption of the surface complex, based on the linear relationship between 1/( obs − 0 ) and reciprocal concentration of the complex. The apparent association constant ( app ) for complexes 1 and 2 was 3.18 × 10 280 nm and represented in Figures 8 and 9 . As seen, with increasing the concentration of the complex, the fluorescence intensities of the proteins are repeatedly decreased. The fluorescence quenching is described by the Stern-Volmer relation [22] :
where 0 and indicate the fluorescence intensities in the absence and presence of quencher, respectively. sv is a linear Stern-Volmer quenching constant; is the concentration of quencher. In case of fluorescence quenching of BSA, a linear plot between 0 and against [complex] was obtained. bind to albumins. The linear Stern-Volmer plots indicate quenching mechanism either static or dynamic.
3.6. Antibacterial Activity. Determination of antimicrobial activity against specific pathogens is essential for proper therapy. The antibacterial activity was studied by agar disc diffusion method and comparison with standard antibiotic chloramphenicol is shown in Figure 10 . From this experiment, it is contingent that complexes have more activity than free ligand [23, 24] . The complexes are highly active due to increasing the delocalization of pi-electrons into the hole chelate ring, indicating increase in its lipophilicity. All the results indicate that chelation improved the antibacterial activity compared to the ligand.
Conclusion
Four coordinated square planars of Ni (II) and Pd (II) compound are synthesized and characterized by various spectroscopic tools. The compounds are strongly bound with BSA protein investigated by spectroscopic methods. The quenching constant value indicted that complexes have good binding with BSA through a static quenching mechanism. The biological data suggested that ligand and its metal (II) complexes displayed promising antibacterial activity compared to known antibiotic drug.
